however, have considered effects of correlations between excitons and unbound electrons or holes when a semiconductor is excited above the band gap.* In this paper, we report the observation of a surprising correlation-induced resonance (CIR) that appears in differential transmission (DT) spectra of semiconductor quantum wells (QW) excited above the band gap. The properties of this CIR show that it is not due to biexciton formation, but instead may arise from correlations between excitons and unbound electrons or holes.
Transient, nondegenerate DT was performed on a 130 A GaAs multiple QW. The pump pulse is tuned to 25 meV above the exciton resonance, and is spectrally narrowed using a pulse shaper to excite electrons and holes above the band gap with well-defined initial energies. The inset to Fig. 1 shows the absorption spectrum of the sample and the spectral position of the pump. Figure  l (a) contains a reference DT spectrum for resonant excitation of HH excitons, and shows the expected biexciton-induced absorption resonance for opposite circular polarization (o+o-) of pump and probe, but not for the same circular polarization (o+o+). In Fig. l(b) , the DT spectrum for nondegenerate pumping also contains an induced absorption resonance; however, the energy position of this CIR is different from the biexciton and little polarization dependence is observed. Figure 2 shows the dependence of the CIR on pump-probe delay. As can be seen in Fig. 2(a) , the CIR appears almost immediately after the pump pulse, and persists for delays greater than 500 ps. The CIR appears immediately after pumping and persists beyond 500 ps. Little polarization dependence is observed for any pump-probe delay.
(b) Differential transmission at 809 nm (peak of the differential transmission spectrum) and at 810.6 nm (CIR position) versus pump-probe delay. The CIR appears immediately after pumping and reaches its maximum magnitude in 20 ps.
immediately after zero pump-probe delay indicates that it is not due to biexciton formation, because the initial electron-hole plasma excited by the pump has not had time to form excitons through phonon emission and other relaxation processes.
Another surprising feature of the CIR is shown in Fig. 3 , where the DT spectrum is found to be extremely sensitive to the lattice temperature. This behavior is in sharp contrast to the biexciton resonance for resonant pumping, which shows almost no dependence on lattice temperatures over the same range. We have also investigated the dependence of the CIR on the pump energy. Little effect on the CIR was found for pumping at energies below, at, or above one LO-phonon energy (36 meV) above the HH exciton resonance. The dependence of the CIR on polarization, pump-probe delay, and lattice temperature clearly indicates that the CIR does not reflect the formation of biexcitons. To explain these surprising results, we suggest that the CIR may arise from correlations between excitons and unbound electrons or holes. We investigate capture of carriers from states in the continuous part of the energy spectrum into the discrete states of self-assembled I d s / GaAs QDs via emission of one or two phonons. We are not aware of any other investigations of two-phonon mediated capture processes in QDs, but we show that this may be an efficient capture mechanism. The phonons are assumed to be bulk GaAs LO phonons with zero dispersion. The QD was modelled by a finite confinement potential well in the effective-mass approximation. phonon capture, since carriers higher up in the band can be captured. For instance at a radius of =IO nm, it is seen that two-phonon capture contributes where the single-phonon capture is in fact not possible. A closer look at the corresponding radius band is given in Fig. 2 , where the capture time at the local minima of single-(a = 9 nm) and two-phonon (a = 10.4 nm) capture is calculated as a function ofN,,. The reason for the relatively strong density depence is that only carriers from a narrow energy interval are captured and the occupation probability depends on N3D The cross-over of two-phonon capture times occurs at high carrier densities where the bulk lasers start to become inverted, and is explained in terms of the Fermi-filling factors. We have also calculated the single-phonon capture time of a WL carrier to all possible states in the QD, for N,, = 10'' cm". It is found to be typically in the range 1-100 ps and becomes even as low as a few hundred femtoseconds.
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In conclusion, we have performed, to the best of our knowledge, the first calculations of twophonon capture in QDs. We find that twophonon processes may contribute efficiently to carrier injection into QDs, in situations where single-phonon processes are prohibited. Semiconductor optical amplifiers have proved to be very significant for advanced telecommunications components. In traditional waveguide amplifier devices, the gain is both polarisation and wavelength dependent, and much effort has been devoted to compensating these. Such problems are removed when a circularly-symmetric vertical-cavity geometry is adopted, however the single-pass gain from such devices is normally small. Here we report the use of semiconductor microcavities in which both electronic and photonic wavefunctions and their interaction can be specifically manipulated, to produce enormous optical amplification of ultrafast pulses.'" This relies on the strong coupling of excitons and photons to produce new polaritonic quasiparticles whose nonlinear interactions can he resonantly enhanced. The devices act as vertical cavity parametric amplifiers with an optical pump being efficiently downconverted into the incident signal beam. Unexpectedly the optimum gain condition is found when the pump pulse is 25% elliptically polarised.' This state produces at least double the output compared to either a circular or a linear pump pulse. By scanning through the entire range of pump polarisations, and resolving the polarisation of the emission we are able to map out the characteristics of this phenomenon, which has also recently been seen for CW excitation! We propose a simple spin-dependent model for the parametric amplification, which infers the presence of a second-order stimulated scattering process that can be as strong as the first order scattering. A simulation taking this into account is in good agreement with the observations 
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The capture time of an electron at local minima of single-phonon (a = 9 nm) and twophonon (a = 10.4 nm) capture (cf. Fig. I ). At the larger radius, the single-phonon capture is forbidden. In that case, two-phonon capture is seen to contribute significantly at realistic bulk densities, well below lasing. ton systems.
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